tt is easy to comprehend that spinal cord tumours located in the cervical region or the cervico-cranial junction can produce symptoms of increased intracranial pressure by mechanical obstruction of the spinal fluid pathway. It is more difficult to rationalize, however, the occurrence of these symptoms with tumours in the thoracic and lumbar spine. The rarity of this incidence is supported by the fact that only 19 cases were found in the literature. One such case encountered by the author prompted the present report. The pertinent and interesting findings associated with it and those from the literature will be discussed.
CASE REPORT
This 17-month-old white baby girl (N.N.M.C. No. 153203 FJM) was admitted to the National Naval Medical Center on 10 September 1948. Five weeks before admission the child was thrown forward while riding in a car but sustained no obvious injuries. Several days later she became fretful and irritable, and was referred to a local hospital. Cervical spine films were interpreted as minimal dislocation of C4 and C5. At lumbar puncture the spinal fluid was pinkish-xanthochromic with an increased protein content. She was placed in cervical traction for two weeks.
A month before the automobile accident, the mother had noticed weakness in the child's right leg and urinary hesitancy. While in cervical traction, this weakness and a foot drop became more evident and prompted her transfer.
On examination, the tendon reflexes and sensation were normal. The right leg was weak with loss of spontaneous movements. On several occasions a right ankle clonus was elicited. A lumbar puncture revealed an opening pressure of 135 mm. of water, the fluid was xanthochromic, and clotted spontaneously. The laminectomy was carried out and at the level of TIo to L, an oval-shaped, discoloured area was exposed which was soft to palpation and quite well demarcated from the adjacent compressed spinal cord. According to the operation note the tumour was completely removed. The histology of the tumour was of a fibrillary astrocytoma (Fig. 1) .
The child's post-operative course was uneventful and at her discharge in November 1948 her right leg was still weak. Sensation was intact and the reflexes in the right leg were diminished. She was started on an intensive programme of physical therapy until she was able to walk unassisted.
She was re-admitted on 27 April 1949 with complaints of pain in her thighs and frequent spasms of both legs. There was some atrophy of her right calf. She had good bowel and bladder control. With the improvement in walking, the scoliosis had progressed. The spine films showed marked scoliosis with its convexity to the left in the thoracic region and a compensatory curve in the lumbar area. She was placed in a plaster body cast.
Several admissions during June 1949 and August 1950 were all primarily for changing and adjusting of her body cast.
At the age of 10 she (N.N.M.C. No. 263470 FJM) was admitted for surgical correction (fasciotomies) of flexion contraction of both hips, followed by further physiotherapy.
In the interval up to her last admission she had no relapse in her neurological condition and was normally active in play and sports.
Her admission on 18 July 1962 (N.N.M.C. J-326590, WJM) was at the age of 15 when she entered with complaints of double vision and headache. Two and a half weeks before admission she developed an upper respiratory infection and experienced mild frontal headaches. Within three to four days, her cold subsided but the headaches persisted. It was most severe in the morning and occasionally awakened her from sleep. She also experienced nausea in the morning but no vomiting. The headaches continued to increase in severity and she noted also a stiffness in her legs. Twelve days before admission, she noticed for the first time double vision which remained.
Examination revealed a marked thoracic kyphosis and tenderness over the surgical scar. A lumbar puncture revealed an opening pressure of 360 mm. and the fluid was grossly bloody and xanthochromic. Skull films showed increased digital markings indicative of increased intracranial pressure. Thoracolumbar spine films showed marked lumbar lordosis and mid-thoracic kyphoscoliosis with anterior wedging of the bodies of T7 and T8, and evidence of a laminectomy from Ts to T12.
As her presenting symptoms and findings were those of increased intracranial pressure rather than related to the spine, attention was rocused on the cranium. A right carotid arteriogram disclosed straightening and stretching of the anterior cerebral artery suggestive of dilated lateral ventricles, but no shift or abnormal vessels. Three days later, a pneumoencephalogram was carried out and the spinal fluid was again noted to be bloody and xanthochromic. On several occasions during the injection of air she complained of pain in her back. The study showed mild dilatation of the ventricular system without shift or displacement. Following this, Pantopaque was injected in the lumbar subarachnoid space and a block was confirmed at T9 and T10. The block remained unchanged in prone or supine position but in the lateral position the dye advanced slightly craniad. During myelography, whenever the dye encountered the area of obstruction, she experienced the same pain noted earlier during the injection of air. The part and brownish, cystic tissue in the caudad part of the exposure. The upper part appeared to contain the spinal cord anteriorly and from the lower right of the exposure a bluish-red nodule was enucleated. The tumour extended craniad and without a definite cleavage plane. Brownish, multiple cysts were stripped from the inner surface of the dura. No healthy spinal cord or nerve root could be identified. An attempt to pass a no. 8 French rubber catheter in each direction was met with resistance. Considering the extreme tumour involvement and its lack of demarcation and the relative good function of the patient, no further attempt was made to remove the tumour. The dura was left open and the incision closed in layers. The histology of the tumour was similar to that removed 14 years before and diagnosed as astrocytoma, grade I (fibrillar) (Fig. 2) .
Post-operatively the girl's spasticity and sensory loss increased. After three days her headaches had considerably lessened but diplopia persisted. She was able to walk with assistance and had no urinary difficulty. Within five days the headaches had completely disappeared and papilloedema was receding. Since her cranial symptoms improved, it was postulated that the spinal pathology alone was responsible for the headaches, the sixth nerve palsy, and the papilloedema. On 10 August, radiation therapy to the thoraco-lumbar spine was started and she received a total of 4,500 r. within a period of 46 days. Physiotherapy and gait training was resumed. At discharge, on 14 September 1962, there was no evidence of papilloedema or diplopia. Plantars were extensor bilaterally and the sensory loss was restricted to both anterior thighs. Motor strength had improved and although her gait was spastic, she was able to walk without help.
When the follow-up examination was made in July 1963, she had returned to school and was able to participate in her outside activities as previously. She had no headaches or recurrence of diplopia, no back or leg pain, but increased tightness in the legs when tired. Examination revealed hyperactive reflexes and ankle clonus in both legs. The plantar was extensor on the left and equivocal on t'ie right. The area of diminished sensation was smaller but associated with dysaesthesia. Vibratory sense was equal, however, position sense was poor in both big toes, more so on the left. Motor strength was excellent with only slight weakness in dorsiflexion of the right foot. Her gait was spastic and slightly ataxic with a tendency of adduction of the thighs. The area of incision was tender. The fundi were normal; the pupils were equal and no diplopia was elicited.
At lumbar puncture the pressure measured 160 mm.
The spinal fluid was colourless, without cells, and a protein content of 150 mg. per 100 ml. In summary, she showed steady and favourable improvement and the cranial symptoms had completely disappeared. She is continuing her activities, which include swimming, bicycling, and specific exercises.
ANALYSIS
As emphasized in the introduction, the case reports in which tumours of the cervical cord were responsible for symptoms of increased intracranial pressure were excluded as they represented a somewhat different entity. All reports of tumours originating in the thoracic and lumbar spine associated with symptoms of increased intracranial pressure and their important data are summarized in Table I. Two reports, one by Abbott (1939) and the other by Fincher (1951) Beduschi et al. (1955) 12 Rovetta (1957) 13 Farnarier et al. (1957) 14 Halpern et al. (1958) 15 Cecotto et al. (1959) 16 Rohr et al. (1959) 17 Rohr et al. (1959) 18 Teng et al. (1960) 19 Harris (1962) (case 6) Table III demonstrates the incidence of their location within the spinal canal and the representation of their histological nature. In the histological distribution a striking feature is the presence of 14 tumours of glial origin and one medulloblastoma. More than half of the total number of tumours were ependymomas. In one case of the luetic granuloma, the histological diagnosis was questioned by other authors (Rohr and Hoffmann, 1959) and considered an atypical neuroma. (Rand and Rand, 1960; Ingraham and Matson, 1954; Dodge, Keith, and Campagna, 1956) . Nittner (1956) quoted 15% of 250 spinal lesions occurring in children and adolescents, of which 11 were intramedullary gliomas.
The prevalence of ependymomas among intraspinal tumours is confirmed by Lombardi and Passerini (1961) , Turnbull (1962) , and Norstrom, Kernohan, and . The latter indicated also that 6% of all spinal cord tumours are located in the filum and conus medullaris and that 50% of all intraspinal gliomas occur in this locale.
The history of trauma preceding the appearance of symptoms of a spinal cord tumour is not infrequent and was mentioned by Rand and Rand (1960) . They also emphasize the presence of scoliosis with astrocytomas, ganglioneuromas, and extradural cysts.
Rand and Rand stated the average survival time of patients with astrocytomas as six years, considerably shorter than with ependymomas of the spinal cord. As exceptions they referred to a case of spinal cord glioma where the patient is still living 10 years after surgery and a 14-year-long history (case 3) of a thoracic astrocytoma. The patient described in the report has a similar history and represents an unusually long survival for this type of tumour. Norstrom et al. (1961) Abbott (1939) was the first to describe symptoms of acute headache and backache caused by spinal subarachnoid haemorrhage. Krayenbiihl's (1947) case had symptoms of sudden spinal cord compression caused by spontaneous haemorrhage. Fincher (1951) described the syndrome of spinal subarachnoid haemorrhage associated with spinal tumour based on several cases. This syndrome was men-tioned by Henson and Croft (1956) , Mendelsohn and Mora (1958) , and Rand and Rand (1960) in the discussion of ependymomas, in the case of spinal fibroblastoma and a sarcoma (Tarlov and Keener, 1953) . Although blood was found in the spinal fluid in the case reported, the symptoms as described above were absent.
Several factors were considered responsible for the increased intracranial pressure associated with tumours of the spinal cord. According to Schaltenbrand (1951) , disturbance in the spinal fluid circulation occurs in all spinal cord tumours after they reach a certain size; however, this is unrelated to the location of the tumour and regardless of whether the tumour is intra-or extramedullary. Caudal to the tumour the spinal fluid block creates Sperrliquor with its increased protein. The increased protein content, together with a block in the spinal fluid circulation at the site of the tumour, was considered responsible for the symptom by Love, Wagner, and Woltman (1951) . The theory of an elevated protein content increasing the viscosity of the spinal fluid and thereby decreasing its absorption is supported by Schaltenbrand (1953) and others (Jentzer, Kessel, and Bonnant, 1952; Rovetta, 1957; Teng, Wagner, and Buxbaum, 1960) . Gardner, Spitler, and Whitten (1954) produced the hypothesis that protein molecules leading to mechanical clogging of the 'pores of the semipermeable membrane', which is responsible for the absorption of the cerebrospinal fluid, causes increased pressure. Pressure on the dilated and stagnant subarachnoid veins lead to changes in the permeability of the vessels and to transudate which in turn produces protein changes above the tumour. The possible compression of the spinal venous plexus (Beduschi, Columella, and Papo, 1955) and the venous medullary plexus (Rudnicki and Lebkowski, 1951) , leading to the elevation of the venous intracranial pressure and subsequent interference with the absorption of cerebrospinal fluid, are considered. The increased protein content within the intracranial space is probably ultimately responsible for the occurrence of papilloedema. This is exemplified by the elevated protein in the examination of cisternal and ventricular fluid in several reports. High protein levels are responsible for the disturbance in the balance of cerebrospinal fluid secretion and absorption and ultimately leads to delayed resorption.
Spinal fluid drainage (Schaltenbrand and Wordehoff, 1947) into the root sleeve is interfered with by the increase in protein. It is thought that a slow absorption occurs via the perineural spaces ultimately draining into the lymphatic system. According to Wustmann (1953) , the largest and most important drainage within the spine is the dorsal part of the terminal conus. Others consider the spinal subarachnoid space to play a minor role in the absorption of cerebrospinal fluid. This might, however, in the presence of other factors be contributory. Harris (1962) (Rovetta, 1957) . In this hypothesis the pathogenetic mechanism of hydrocephalus is similar to that of subacute or chronic choroido-ependymitis. Mucinous material may be produced as a result of degeneration of the tumour which increases the spinal fluid protein and affects the absorption (Teng et. al., 1960) . Weickmann (1954) referred to toxic and inflammatory components aiding in the disturbance of the balance of secretion and absorption of cerebrospinal fluid. He also stressed the 'vegetative labile personality' as an additional factor and supports this by citing cases in which papilloedema followed spinal anaesthesia.
COMMENT
The development of papilloedema in the GuillainBarr6 syndrome (Drew and Magee, 1951; DennyBrown, 1952) and in the convalescent state following poliomyelitis (Weiman, McDowell, and Plum, 1951; Taylor and Collier, 1901) Norstrom et al. (1961) three cases were disclosed.
If one considers the reported case in the light of the above we find several factors consistent. A spinal fluid block was demonstrated by myelography and at surgery. The pressure of the cerebrospinal fluid and its protein were elevated, although the values were less than in many other cases. The tumour was located in the thoraco-lumbar or conus area where supposedly most of the intraspinal absorption of cerebrospinal fluid takes place. The marked kyphosis might be considered as an added mechanical factor in the obstruction of the flow of cerebrospinal fluid. The tumour was slow growing, soft and degnerated, and contained bloody cysts. The presence of blood in the cerebrospinal fluid could be attributed to the puncture of a cyst at the time of procedure rather than to a spontaneous bleed since referable symptoms were lacking. In support of Weickmann, the patient was a rather fragile, fair-skinned and redhaired girl.
It is noteworthy that in many cases reported the symptoms of increased intracranial pressure disappeared within a short period following surgery for complete or only partial removal of the tumour. This can be explained either by the removal of the tumour itself or the relief of the obstruction to the flow of the spinal fluid and its consequences. As in this case, only very little tumour was removed but the dura was left open and later radiation therapy was added. Not only did the cranial symptoms disappear, but also the cerebrospinal fluid findings improved.
SUMMARY
A case of an astrocytoma of the thoraco-lumbar spine associated with signs and symptoms of increased intracranial pressure in a 15-year-old girl is reported. This also represents a recurrence of the tumour after 14 years.
The literature was reviewed and 19 reports associated with the syndrome of increased intracranial pressure were found. The important data are summarized and analysed, and pertinent features of these cases are discussed.
Several aetiological factors considered responsible in producing this syndrome are asserted. The increased protein content of the cerebrospinal fluid appears to be the main factor in the development of this syndrome. In addition, however, the presence of blood, inflammatory reaction of the meninges, degenerative products of the tumour, obstruction at the site of intraspinal cerebrospinal fluid drainage, and possibly other unknown factors have to be considered. A final comment referable to the case under these considerations is made.
